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(x5E4f Es5. 4a0EE. Es5.4lEBickleyDERXHHMD 5| AR,
SERCIILL T DRohdeDER X OE ETE ATEE. «)

(*Rohde DR DETE +)

(*Rohde,F.V.,Large deflections of a cantilever beam with a uniformly

disributed load,Quart.,Appl.Math., 11(1953),p.337.%)
(»COFERELEICEME (Figs5-4) EHi«)

Clear["Global™ %"]

(*.’R&%UE(DJ:BE*)
nn =12
12

(*\theta DFBBFNORIR +)

tht = 0;
Do[tht = tht +a[i] *s~i, {i, 9, nn}]

tht

a[@] +sa[l] +s%a[2] +s>a[3] +s*a[4] +s>a[5] +
s®a[6] +s’a[7] +s%a[8] +s°a[9] +sa[10] +s'ta[11] +st?a[12]

T=tht /. {a[@] » @, a[1] - 0}

s?a[2] +s*a[3] +s*a[4] +s°a[5] +s®a[6] +
s’a[7] +s%a[8] +s”a[9] +s¥a[10] +s'ta[11] +st?a[12]

(*Governing equationx)

eql = D[tht, {s, 2}] +wxs /EI * (Cos[alp] *Cos[T] -Sin[alp] =Sin[T])

2a[2] +6sa[3] +12s?a[4] +20s>a[5] +30s*a[6] +42s°a[7] +

1
56s°a[8] +72s’a[9] +90s%a[10] +110s°a[11] +132sa[12] + —
EI
sw (Cos[alp] Cos[s?a[2] +s’a[3] +s*a[4] +s”a[5] +s%a[6] +s”a[7] +s®a[8] +s”a[9] +
s®a[10] +s™a[11] +s?a[12] | - Sin[alp] Sin[s®a[2] +s’a[3] +s*a[4] +

s>a[5] +s®a[6] +s’a[7] +s®a[8] +s”a[9] +s'®a[10] +s'ta[11] +s'?a[12]])

(s ONEFBBARR )
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ni6)= eq2 = FullSimplify[Series[eql, {s, @, nn}]]

wCos[alp]

wa[2] Sin[alp] ] 3
s” +

EI

oufftel= 2a[2] + [6a[3] +
EI

]s+12a[4] s? 4 [20a[5} -

wa[3] Sin[alp] w (a[2]*Cos[alp] +2a[4] Sin[alp])
[30a[6]— Js4+ 42a[7] - s®+
EI 2EI
w (a[2] a[3] Cos[alp] +a[5] Sin[alp]) 6 1
[56a[8] - s+
EI 6 EI
1
(432ETa[9] -3w (a[3]?+2a[2] a[4]) Cos[alp] +w (a[2]’-6a[6]) Sin[alp]) s’ +
2EI
(186 ETa[10] -2w (a[3] a[4] +a[2] a[5]) Cos[alp] +w (a[2]%a[3] -2a([7]) Sin[alp]) s®+
1
——(2640ETa[11] +w (a[2]*-12 (a[4]*+2a[3] a[5]) -24a[2] a[6]) Cos[alp] +
24 EI
1
12w (a[2] (a[3]*+a[2] a[4])-2a(8]) Sin[alp]) s’ +
6 EI
(792ETa[12] +w (-6a[4] a[5] +a[3] (a[2]’-6a[6]) -6a[2] a[7]) Cos[alp] +
1
w(a[3]’+6a[2] a[3]a[4] +3a[2]%a[5] -6a[9]) Sin[alp]) s*®+
120 EI

(10w (3a[2]%a[3]*+2a[2]%a[4] -6 (a[5]°+2a([4] a[6] +2a([3] a[7])-12a[2] a[8])
Cos[alp] +w (-a[2]°+6@a[2] (a[4]?+2a[3] a[5]) +

1
60a[2]%a[6] +60 (a[3]*a[4] -2a[10])) Sin[alp]) s'" +

24 EI
(4w (3a[2]%a[3]a[4] +a[2]’a[5] -6 (a[5] a[6] +a[4] a[7] +a[3] a[8]) +
a[2] (a[3]’-6a[9])) Cos[alp] +w (-a[2]%a[3] +12a[3] (a[4]®+a[3] a[5]) +
24a[2] (al4] a[5] +a[3]a[6])+12a[2]*a[7] -24a[11]) Sin[alp]) s +0[s]"’

= («FEBRIEDHERR )

ni1s= eqs@ = Coefficient[eq2, s, O]
outfigl= 2a[2]

ni1o= eqsl = Coefficient[eq2, s, 1]

wCos[alp]
oufi9= 6a[3] + ———
EI

nizop= eqs2 = Coefficient[eq2, s, 2]
outo)= 12 a[4]
ne21:= eqs3 = Coefficient[eq2, s, 3]

wa[2] Sin[alp]
ou21]= 20 a[5] -

EI
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In[23]:=

Out[23]=

In[24]:=

Out[24]=

In[25]:=

In[26]:=

In[27]:=

eqs4 = Coefficient[eq2, s, 4]

wa[3] Sin[alp]

30a[6] -
EI

eqs5 = Coefficient[eq2, s, 5]

w (a[2]?Cos[alp] +2a[4] Sin[alp])

42a[7] - e

eqs6 = Coefficient[eq2, s, 6]

w (a[2] a[3] Cos[alp] +a[5] Sin[alp])

56a[8] -
EI

(s ORECEICHRBIEEH S1+)
Do[
eqs[i] = Coefficient[eq2, s, i];

Pr'int[i, ] 3 eqs[i]], {i: 0) nn—2}]

0, 2a[2]
w Cos[alp]
1, 6a(3] + ———
EI
2, 12a[4]
wal2] Sin[alp]
3, 20a(5] -—————
EI
wa[3] Sin[alp]
4, 30al6] - ———
EI
w (a[2]?Cos[alp] +2a[4] Sin[alp])
5, 42a[7] -
2EI
w (a[2] a[3] Cos[alp] +a[5] Sin[alp])
6 , 56a[8] -

EI
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1
7 , ——(432EIa[9] -3w (a[3]2+2a[2] a[4]) Cos[alp] +w (a[2]3-5a[5]) Sin[alp])

6 EI

1
8 , ——(180EIa[16] -2w (a[3] a[4] +a[2] a[5]) Cos[alp] +w (a[2]?a[3] -2a[7]) Sin[alp])

2EI

1
9, ——(2640ETa[11] +w (a[2]*-12 (a[4)®+2a[3]a[5]) -24a[2] a[6]) Cos[alp] +

24 EI
12w (a[2] (a[3]*+a[2] a[4]) -2a[8]) Sin[alp])

1
10 , ——(792EIa[12] +w (-6a[4] a[5] +a[3] (a[2]3—6a[6]) -6a[2] a[7]) Cos[alp] +

6 EI

w(a[3]>+6a[2]a[3]a[4] +3a[2]%a[5] -6a[9]) Sin[alp])

(+BIFRAEETHDVAMER )



4 | cp5-3-fig5-4Rohde1953.nb

nesi= eqlst = {}; anlst = {};
Do[eqlst = Append[eqlst, eqs[i] == O] ;

anlst = Append[anlst, a[i+2]];

3 {i) 0, nn—2}]

npo)= eqlst
wCos[alp] wa[2] Sin[alp]
Outi30}= {2a[21 =0,6a[3]+ ——— =0,12a[4] =0, 20a[5] - =0,
EI EI
wa[3] Sin[alp] w (a[2]?Cos[alp] +2a[4] Sin[alp])
30a[6] - =0, 42a[7] - =0,
EI 2EI
w (a[2] a[3] Cos[alp] +a[5] Sin[alp])
56a[8] - =0,
EI
1 1
——(432ETa[9] -3w (a[3]*+2a[2] a[4]) Cos[alp] +w (a[2]’-6a[6]) Sin[alp]) =0, —
6 EI 2EI

(180 EIa[1@0] -2w (a[3] a[4] +a[2] a[5]) Cos[alp] +w (a[2]%a[3] -2a[7]) Sin[alp]) = o,
E(2640Ela[11]+w(a[2}4—12(a[4}2+2a[3]a[51>_24a[21a[s])cOs[alp]+
12w (a[2] (a[3]*+a[2] a[4]) -2a[8]) Sin[alp]) = o,
é(792EIa[12] +w(-6a[4]a[5] +a[3] (a[2]>-6a[6])-6a[2] a[7]) Cos[alp] +
w(a[3)®+6a[2]a[3]al4] +3a[2]%a[5] -6a[9]) Sin[alp]) :@}
nE1= anlst
oupn= {a[2], a[3], a[4], a[5], a[6], a[7], a[8], a[9], a[1l@], a[l1ll], a[1l2]}

npzp- (#BIL BN ERE )
np3= ansl = Solve[eqlst, anlst] [[1]]
wCos[alp] w? Cos [alp] Sin[alp]

outisi- {am 20, 8[3] 5 -, a[4] >0, 3[5] 58, a[6] > -

)

180 EI?

w’ Cos [alp] (5Cos[alp]®-2Sin[alp]?)
a[7] >0, a[8] -0, a[9] -

22020 £1° , al[le] » o,
5 EI

w*Sin[alp] (-49 Cos[alp]®+2Cos[alp] Sin[alp]?)
a[ll] -0, a[12] - -

3421440 ET* }
naa- thtl = (tht /. ansl) /. {a[@] » @, a[1] - @)}

s*wCos[alp] s°w?Cos[alp] Sinf[alp] s°w’Cos[alp] (5Cos[alp]?-2Sin[alp]?)
Out[34]= — - +

6 EI 180 EI? 25920 EI®

s'?w*Sin[alp] (-49Cos[alp]®+2Cos[alp] Sin[alp]?)

3421440 EI*
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nas- Series[Cos[thtl], {s, ©, nn-1}]

(w* Cos[alp]?) s® (w?Cos[alp]®sSin[alp]) s’
ouizsl= 1 - _ +0[5]12
72 EI? 1080 EI®

In[36]:= (*ﬁﬁ&ﬁﬁ*)

n371= T1 = FullSimplify [Integrate[Series[Cos[tht1], {s, @, nn}], {s, @, s}]]

1
outaT= ———————————s(35380800EI4+

35380800 EI*
s®w? Cos[alp]? (-70200 EI* + 7 s®w® (7 + 18 Cos[2alp]) - 3276 EI s> wSin[alp]))

nse= Do[Print[i, " , ", Coefficient[T1, s, i]], {i, 1, nn}]

w? Cos [alp]?

504 EI?

w? Cos[alp]?Sin[alp]

10, -
10800 EI3

1, o

12, 0

n3op= T2 = FullSimplify [Integrate[Series[Sin[tht1], {s, @, nn}], {s, @, s}]]

1

Out[39]=
3113510400 EI*

s*wCos[alp] (-129729600 EI® + 6006 EI s®w” (23 + 27 Cos[2alp]) - 2471648 EI* s> wSin[alp] +
3557w’ (311 + 315 Cos[2 alp]) Sin[alp])

n0= Coefficient[T2, s, nn - 2]

wCos[alp] (138138 EI w” + 162162 EI w” Cos[2 alp]

Out[40]=

3113510400 EI*

n@41:= Do[Print[i, " , ", Coefficient[T2, s, i]], {i, 1, nn}]
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wCos[alp]
4, ——
24 EI

5, 0
6, 0

w? Cos[alp] Sin[alp]

1260 EI?
8,0

9,0

wCos[alp] (138138 EIw’ + 162162 EIw” Cos[2alp])

10 ,
3113510400 EI*

11, ©

12, o

ni421= defyl = T1 » Sin[alp] + T2 % Cos [alp]

1 4 2
outf42]= s"wCos[alp]
3113510400 EI*

(-129729600 EI° + 6606 EI s®w’ (23 + 27 Cos[2alp]) - 2471040 EI* s> wSin[alp] +

1
35s°w’ (311+ 315 Cos[2 alp]) Sin[alp]) + ————————s Sin[alp] (35380800 EI* +

35380800 EI*
s®w’ Cos[alp]? (-70200 EI* + 7 s®w® (7 +18 Cos[2alp]) - 3276 EI s> wSin[alp]))

n43= S * Coefficient [defyl, s, 1] + Coefficient[defyl, s, 4] *xs"4

s*wCos[alp]?
ouus: - ———— — + s Sinfalp]
24 EI

4= defxl = T1 » Cos[alp] - T2 * Sin[alp]

1
outiadl= - s*wCos[alp] Sin[alp] (-129729600 EI’ + 6006 EI s°w’ (23 + 27 Cos[2alp]) -
3113510400 EI*

2471040 EI* s> wSin[alp] + 35s°w’ (311 + 315 Cos[2alp]) Sin[alp]) +
1

———————sCos[alp] (35380800 EI* + s°w’ Cos[alp]?
35380800 EI*

(-70200 EI* + 7 s°w? (7 + 18 Cos[2alp]) - 3276 EI s> wSin[alp]))

nusi= (#SERITTIE *)
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o= defy2 = FullSimplify[ ((defyl) /. {w->EI *wl/L*3, s > L*sl1}) /L]

1
outse: ——————s1 (792 (s1°w1® (-1+ Cos[4alp]) + 86400 Sin[alp]) +
68428800

s1>wlCos[alp]?® (132 (-21600 + 23 51°w1®) + s1° w1l (-190080 Sin[alp] +
s1>wl (3564 Cos[2alp] +s1’wl (91Sin[alp] +243Sin[3alp])))))

na7- defx2 = FullSimplify[ ((defx1) /. {w->EI *wl/L*3, s » L*sl1}) /L]

1
oufar: ————————s1Cos[alp] (12454041600 - 7413120 s1°w1® + 8967 s1'? wi1” +
12454041600

7s1°wl (4051°wl (-61776 + 109 s1°w1?) Cos[2alp] +39 (1900800 Sin[alp] +
s1°w1® (8151’ wl Cos[4 alp] - 88 (47 + 51 Cos[2alp]) Sin[alp]))))

nzgi= (* Deflections of the beam x)
nz9i= (* Rohde's Paper equation (3) %)

ns0r= alpl = @3 Do[alpl = alpl-a[i] «L~i, {i, 3, nn}]

n51:= alpl

oust= -L>a[3] -L*a[4] -L%a[5] -L%a[6] -
L”a[7] -L%a[8] -L%a[9] -L¥a[10] - L™ a[11] - L% a[12]

ni521= alp2 = FullSimplify[alpl /. ans1]

1
oufsze - ———————L>wCos [alp] (792 EI (-2880 EI® + L°w?) +
13685760 EI*

1848 EI L°w’ Cos[2 alp] + (-76632 EI* L’ w+ 43 L°w’) Sin[alp] + 51 L°w’Sin[3alp])

ns3= (*Preparation of relation between alpha and w #)

ns4= alp3 = alp2 - alp

1
outs- —alp - ———————L>wCos[alp] (792 EI (-2880 EI” + L°w?) +
13685760 EI*

1848 EI L°w’ Cos[2 alp] + (-76632 EI* L’ w+ 43 L°w’) Sin[alp] + 51 L°w’Sin[3 alp])

nss;= nonlinel = FullSimplify[ (alp3) /. w-> wl+EI/L"3]

1
oufss: ——————(-27371520 alp - 2wl Cos [alp] (792 (-28806 +wl?) +
27371520

wl (-76032Sin[alp] +wl (1848 Cos[2alp] +43wlSin[alp] +51wlSin[3alp]))))
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niser- Plot [nonlinel /. alp - 20 % Pi / 180, {wl, -2, 5}]

0.2

L L L L

-2 -1 1 3 4 5
Out[56]=

-0.2+

ni571= FindRoot [nonlinel /. alp - 20 » Pi / 180, {wl, 0}]

ous7= {wl - 2.18506}

nss= (#alpha BEHEATw1I(ERTHE) ERDS +)
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ns9:= Print["alpha x/L y/L "1;

deflst[1] = {};
deflst[2] = {};
deflst[3] = {};
deflst[4] = {};
deflst[5] = {};
deflst[6] = {};
deflst[7] = {};
Do[

alpl =1ix10xPi/ 180;
answl = FindRoot[ (nonlinel /. {alp -» alpl}) == 9, {wl, 3}]; (*Print[];
Print["alpha=",i%10,", wl=", answl[[1]1][[2]]]%*);
Do[
sl=(j-1)/1e;
defx3 = (defx2 /. answl) /. {alp » alpl};
defy3 = (defy2 /. answl) /. {alp -» alpl};
deflst[i] = Append[deflst[i], {defx3, defy3}];
If[sl==1, xt[i] = defx3];
If[sl==1, yt[i] = defy3];
(*Print[defx3,", ",defy3,","1*), {j, 1, 11, 1}
1
> {1, 1, 7}]
(+FEROTOY )

ListPlot[{deflst[1], deflst[2], deflst[3], deflst[4], deflst[5], deflst[6], deflst[7]},

Frame - True, GridLines -» Automatic, Joined - True]

alpha x/L y/L
08F

0.6 -
04 -

out[62]=

0.2+
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In[63]:=

In[64]:=

In[65]:=

In[66]:=

In[67]:=

out[68]=

In[69]:=

(+EEAE[R R (s=0) EIDFEIRICESTNBEHICCDLSIBEICES +)
(CUTOLIBERERET D)

(*VAPDXERE, xt[i]-x, yEEE, -yt[i]+yEEBRT D)
(»CCC, xt[i],yt[i]ld, BVEEWROEL iEHEBOEFHEE) +)

Do [

deflstli[i] = {};
Do[deflstl[i] = Append[deflstl[i],

{xt[i] -deflst[i] [[J1][[1]], -yt[i] +deflst[i] [[J1]1[[2]1}], {J, 1, 11}]
> {1, 1, 7}1;
ListPlot[{deflstl[1], deflstl1[2], deflstl1[3], deflstl[4], deflstl[5],

deflst1[6], deflst1[7]}, Frame -» True, GridLines -» Automatic, Joined - True]

-0.8 ¢

0.0 0.2 0.4 06 08 15
Print ["Deflection (x,y) "]
Do[

Do[

Print [deflst1[i] [[J]11[[1]1], " , ", deflsti[i][[J11[[2]1], " "1, (3, 1, 11}]

» {1, 1, 7}]
Deflection (x,y)
0.990221 , -0.130469 ,
0.891739 , -0.113108 ,

.793247 , -0.0958073 ,

.694718 , -0.0787206 ,

(]
(]
0.596108 , -0.0621048 ,
0.497362 , -0.0463211 ,
(]

.398418 , -0.0318357 ,
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.299218 , -0.0192222 ,
.199729 , -0.00916398 ,
.0999604 , -0.00245517 ,
;> 0.,

.961015 , -0.258368 ,
.867043 , -0.224174 ,
.77303 , -0.190093 ,
.678872 , -0.156414 ,
.584401 , -0.123625 ,
.489399 , -0.0924134 ,
.393619 , -0.0636831 ,
.296833 , -0.0385668 ,
.198893 , -0.0184449 ,
.0998324 , -0.00495845 ,
;> 0.,

.912732 , -0.381198 ,
.826123 , -0.331209 ,
.739427 , -0.281371 ,
.652421 , -0.232077 ,
.564744 , -0.183989 ,
.475921 , -0.138058 ,
.385408 , -0.0955652 ,
.292684 , -0.0581678 ,
.197389 , -0.6279679 ,
.0995622 , -0.00755773 ,
;> 0.,

.84584 , -0.496518 ,
.769225 , -0.432252 ,
.692466 , -0.368157 ,
.615197 , -0.30468 ,
.536817 , -0.242583 ,
.456524 , -0.182987 ,
.373379 , -0.127453 ,
.286439 , -0.0781076 ,
.194996 , -0.0377945 ,
.0990309 , -0.0102268 ,
;> 0.,

.76093 , -0.601926 ,

.696637 , -0.525333 ,
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® ®© O®© OO O O O O O 0O OO0 O 0O OO0 0O 0O 0O O 0O O O 0O O O 00 O O 00 O & ©

.632142

.566929

.500147

.430634

.356982

.277692

.191516

.0981962

) e‘ )

.658911

.608893

.558626

.507469

.454351

.397773

.335835

.266354

.187249

.0975707

) e‘ )

.540942
.50672 ,
.472229
.436766
.399144
.357635
.309911
.253022
.183625
.0989882

) e‘ )

)

)

)

)

)

)

)

)

)

)

)

)

, —0.0127502

, —0.0148382

-0.

.448911
.373101
.298673
.226799
.159189
.0983337
.0478239

.69534
.608748
.5223 ,
.436378
.351656
.269215
.190742
.118915
.058011

776527

-0.682565 ,

, —0.0172323

.588701

.495202

.402553

.311589

.223747

.141598

.0698483

)

)

)

)

)

)

)

)

)

)

)

)

)

)

E)

E)

E)

E)

E)

E)



